Detection of melanoma remains an empirical clinical science. New tools for automatic discrimination of melanoma from benign lesions in digitized dermoscopy images may allow an improvement in early detection of melanoma. This research implements a fast version of the median split algorithm in an open source format and applied to four-color splitting of the lesion area to capture the architectural disorder apparent in melanoma colors. Our version of the median split algorithm splits colors along the color axis with maximum Range. For a set of 888 dermoscopy images, the best model for discrimination produces an area under the receiver operating characteristic curve of 0.821. Logistic regression analysis of 242 parameter variables obtained from 888 images shows that the most important features in the final model, measured by Wald Chi-square significance, are the lengths of two peripheral inter-color boundaries and one measure of boundary overlay by different colors. The median split algorithm is fast, requiring less than one second per image and only a four-color splitting, but it captures sufficient critical information regarding color disorder, with peripheral inter-color boundaries showing the highest significance for melanoma discrimination.
INTRODUCTION
Early detection of melanoma may be aided by analytic methods applied to dermoscopy images of melanoma, which offer the possibility of detecting potential melanomas before they are sufficiently advanced to affect life expectancy. Color methods splitting the entire lesion were investigated by Andreassi et al. Eccentricity of color components and presence of color islands were important in discriminating melanomas from benign lesions (Andreassi et al., 1999) . Colors were also used to discriminate melanomas from benign lesions based on three-dimensional color probability histograms that were measured by both crisp methods (Faziloglu et al., 2003) and fuzzy logic methods (Khan et al., 2009) . In this paper, we describe a technique termed the median split technique (Umbaugh, 2011), which we use to capture the architectural disorder of early in situ melanoma. This technique has the advantages of speed, simplification of lesion architecture yet retention of critical features, and high discriminatory power for melanoma.
MEDIAN SPLIT ALGORITHM
The median split algorithm has been previously applied to entire images using CVIPtools (http://cviptools.ece.siue.edu). This algorithm is based on the Heckbert color compression algorithm (Heckbert, 1982) . In this research, we apply the median split algorithm to a specific region of interest (ROI)-the lesion only. The motivation is to quantize the ROI so that fewer colors are used in order to describe the ROI. The simplified image allows exact quantization of color values, color areas, and inter-color boundaries. The color space segmentation is performed by splitting the pixel histogram of a color segment. Each iteration splits this color segment into two segments with equal pixel populations. The segment with the highest range in any color axis is chosen for the subsequent split. Within the chosen segment, the split is performed along the color axis with the highest range. The division occurs at the median pixel m on the chosen axis. Formally, the chosen color axis and chosen color bin satisfies: 
EXPERIMENTS

Instrumentation and Images
The contact dermatoscope used in this study is the 3Gen DermLite Fluid attachment (3Gen LLC, San Juan Capistrano, CA). This device uses bright white LED lights, 10X magnification and a gel interface.
Images
A set of 195 melanoma and melanoma in situ images were obtained in the study SBIR R44 CA-101639-02A2 of the National Institutes of Health (NIH). A similar benign set of 693 images were obtained for the same study. Lesion borders (ROIs) were manually drawn using second-order b-splines. 
Median Split Features
RESULTS
Performance
The median split algorithm in C running on a Core™ 2 duo processor requires < 1 second/image.
Most Significant SAS Features
Logistic regression analysis using Statistical Analysis Software (SAS) was used to analyze the results. The significant features described in §3.3 are shown by Chi-sq and p-value statistics (Table 1) . 
Receiver Operating Characteristic (Roc) Curves
Accuracy of the algorithm was tested using the Receiver Operating Characteristic (ROC) curve. The ROC curve plots sensitivity versus one minus specificity. We report here the area under the curve (AUC) for five experiments. The five ROC curves (Figure 4 ) depict results for five cases, adding different parameters from perimeters measured on all four color segments. 
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